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Abstract 
The influence of plastic deformation on acoustics parameters in materials of joint welds 
under static loading has been studied. The possibility of combining the grid method and the 
acoustic method for estimation of the damage of materials of constructions at early stages of 
destruction under fatigue loading has also been studied. The researches done showed the 
efficiency of acoustic measurements for the estimation of the state of a destructing joint weld. 
The data obtained from the measurements allow one to estimate the degree of the joint weld 
destruction at an early stage of the deformation before formation of a macrocrack.  
Résumé  
On a étudié expérimentalement l'influence sur des paramètres acoustiques de la 
déformation plastique de soudures sous une charge statique. On a étudié la possibilité de 
combiner la méthode de maillage et la méthode acoustique pour l'évaluation de 
l'endommagement des matériaux de construction lors des premières étapes de destruction sous 
un chargement en fatigue. Des recherches montrent l'efficacité des mesures acoustiques pour 
évaluer l'état de la soudure, soumise à la destruction. Des données expérimentales permettent 
d'évaluer leur degré d’endommagement jusqu'à la formation de la macrofissure. 
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1 Introduction 
The problem of estimation of the state of power elements of metal construction such as 
bridges, buildings, load-lifting devices is very important nowadays. Most of these 
constructions are welded. The traditional defectoscopy, in particular the acoustic method, 
allows one to detect macrodefects of joint welds, however, the period of microdamage's 
accumulation in the material of a construction before macrocrack formation amounts up to 90 
percent of its resource.  
Promising area of usage of acoustic method in practice of mechanical engineering is not 
only the detection of microdefects, which may be carried out by the conventional 
defectoscopy, but the estimation of the state of materials under force loading by changing of 
the structure during damage accumulation, before microcracks formation take place.  
Structural state in the weld connection zone is very complex. In the thermal influence zone 
the structure, for instance for carbonic steels, may correspond to different thermal treatments: 
normalization, annealing and toughening.  
The situation becomes more complicated if the weld connection is subjected to the plastic 
deformation. 
The purpose of the current work is to study the process of destruction of the weld 
connections’ material by the acoustic method, to find the relation between the value of the 
plastic deformation and the acoustic characteristics of the material of the weld connections 
under destruction by static loading, and to investigate possibility of combination of the grid   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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and the acoustic methods for estimation of damage of constructional materials under fatigue 
loading. 
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2 Static loading 
In the research carried out the flat samples were used. For the static loading experiment a 
sample, which had butt-welded joint, with dimensions of 350×20×14 mm made of K 11506 
steel was used. The sample was subjected  to uniaxial loading up to its destruction. The 
velocity of stretching was 0.2 mm per minute. After the stretching, the surface of the sample 
was milled and burnished. At the end of the mechanical treatment sample’s thickness was 10 
mm. Then the sample was divided into zone of 10 mm, in which acoustic measurements were 
made. Next sample made of A 210 Gr. C steel with working zone length of 200 mm, width of 
20 mm and thickness of 6 mm, was subjected to the cyclic loading in the region of high-cycle 
fatigue. The amplitude of the cyclic strength was 240 MPa. The cyclic experiment was carried 
out in the bending load scheme at the room temperature. The number of cycles before a 
macrocrack occurred was 6x10
4 of cycles. For localization of deformation in the central part 
of the sample the grooves of 2 mm depth and 20 mm radius were made.  
Frequency-dependent attenuation was calculated by the expression: 
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where   and   – frequency-phrasal spectrum the first and the second reflected 
signals correspondingly, Н – depth of the sample. 
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The acoustic measurements were made by means of the echo-acoustic method. Upon each 
of the zones a piezoceramic transducer for excitation of the longitudinal and shear elastic 
waves propagating at the right angle to material’s surface was placed. Central frequency of 
the piezoceramic transducers was about 4.6 MHz, signal duration was 0.8 microseconds. The 
precision of measurement for time was about 1.5 ns, for acoustic anisotropy – not less than 
10
-4, attenuation – about 1 Np/m. 
For estimation of the state of materials by the acoustic method the acoustic anisotropy 
parameter A, which is linearly connected with the ODF W420 coefficient of polycrystalline 
material [2], was chosen. The parameter of acoustic anisotropy may be obtained as follows: 
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where   
zx τ , 
  zy τ  – times of propagation of the elastic shear waves polarized along and 
transversally to the direction of rolling correspondingly,  k ′ is a coefficient. 
At least two factors influence velocity of the elastic waves [1]: the increase of density of 
microdefects and the change of crystallographic texture. 
For sheet polycrystalline material with the cubic crystalline lattice the sum of squares of 
velocities doesn’t depend on its texture characteristics [2] which are considerably changing 
during the static loading: 
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where   ρ  – density; К  and   µ – bulk modulus and shear modulus for isotropic material 
correspondingly;  i i H V τ = /  and   – phase velocity and propagation time of the longitudinal 
wave (i = 1) propagating perpendicularly to the surface of the material, and two shear waves 
i τ
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of the same propagation direction polarized along (i = 2)  and  transversally  (i = 3)  to  the 
rolling direction. 
Eq.3 allows one to estimate damage of materials, caused by micropores’ and microcracks’ 
development during its deformation. 
The damage value D can be obtained through the change of the density as  0 0 ) ( ρ ρ − ρ ≈ D  
(where 
3 a n D= ,  n – concentration of microdiscontinuities,  a  – average size of 
microdiscontinuities) 
The relation between moduli К,  µ and structural damage may be expressed as: 
 
    (4) 
 
where k1 and k2 – parameters, D – structural damage. 
Assuming that D << 1 (since D = 0 if  0 = ε ) and taking expressions Eq.3-4 into account, 
one may obtain relation between the structural damage and the sum of squares of the 
velocities: 
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The distribution of the acoustic anisotropy parameter along the sample including zones of 
thermal influence obtained in the experiment is presented in Fig.1left. 
0
0,002
0,004
0,006
0,008
0,01
0,012
01 0 2 0 3 0
, , 1 0 1 0 D k D k K K K = µ − µ = µ ∆ = − = ∆
Zone number
А
Joint weld
Thermal influence 
Zone of 
damage
5840
5860
5880
5900
5920
5940
0 1 02 03
Zone number
V
1
,
 
m
/
s
0
 
Figure 1. Distribution of the acoustic anisotropy parameter (left) and the longitudinal 
velocities of elastic waves (right) along the sample 
 
Distribution of the longitudinal velocities of elastic waves along the sample is shown in 
Fig.1right.  
Dependences of the acoustic anisotropy and the D parameter on the value of plastic 
deformation  ε in the zones under investigation are shown in Fig.2 
Dependence of the plastic deformation on the change of the acoustic anisotropy may be 
accurately approximated by the formula: 
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Figure 2. Dependence of the acoustic anisotropy parameter (left) and the D parameter (right) 
on the value of plastic deformation 
Dependence of velocities of the longitudinal and the shear elastic waves on the value of 
plastic deformation is presented in Fig.3. 
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Figure 3.  Velocities  of  the  shear  (left)  and  longitudinal (right)  waves  (including joint 
weld zone) 
The frequency-dependent attenuation average value in the sample in the zone of clamp of 
the testing machine (1), in the homogeneous plastic deformation zones (2), in the thermal 
influence zone (3) and in the joint weld zone (4) are shown in the Fig.4. The change of the 
attenuation is connected with the difference of the structural state of the material in the joint 
weld zone and in the thermal influence zone.  
Acoustic investigations showed that the acoustic anisotropy parameter considerably 
changes along the sample (Fig.1left). It increases in the homogeneous deformation zone, 
which is connected with the deformation texture forming, slightly decreases in the thermal 
influence zone and significantly decreases in the joint weld zone. In the destruction zone its 
value is maximal. Experiment showed that the A parameter can be used for the estimation of 
the thermal influence zone’s size by the acoustic method. 
As one can see, curves in the Fig.2left demonstrate monotonous dependence of the 
acoustic anisotropy from the value of plastic deformation. The D parameter dependence from 
the value of plastic deformation (Fig.2right) reveals that during deformation process intensive 
accumulation of microdamages takes place. The curves in the Fig.3 show that velocities of the 
shear and the longitudinal waves decrease with the increase of the plastic deformation, which 
is connected with the increase of defects’ (micropores, microcracks) density in the structure of 
the material and with change of crystallographic texture.   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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Figure 4. Average value of the frequency-dependent attenuation in the zone of clamp of the 
testing machine (1), homogeneous plastic deformation zone (2), thermal influence zone (3), 
joint weld zone (4) 
In the joint weld zone area the velocity noticeably increases, which may take place due to 
considerable difference between structure of the basic metal and the joint weld zone metal. 
When the value of deformation is about 23% velocity of the longitudinal waves takes minimal 
value, it corresponds to the zone situated near the neck where the plastic deformation is 
maximal. As it follows from the Fig.3left curves, the most sensitive waves to the value of 
plastic deformation are those polarized transversally to the straining direction of the sample. 
The curves in the Fig.4 reveal the increase of the attenuation in the thermal influence zone. 
Relation between the coefficient of attenuation due to the ultrasonic waves scattering on 
grains’ boundaries and their diameter may be written as: 
4 3 20 12 , 0 f d f + = α ,       ( 7 )  
where d – average grain diameter, f – frequency. 
Consequently, the attenuation should increase with the increase of diameter of the grains. 
In the zone of thermal influence of the joint weld, as it was measured by the metallographic 
analysis, the average grain diameter increases from 17 to 20 microns, the attenuation is 
maximal in the joint weld zone. Data of acoustic measurements were confirmed by the 
metallographic analysis. 
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3 Cyclic loading 
A method for estimation of the value of damage in the high-cycle fatigue area, based on 
detecting of zones with microplastic deformations on the surface of a material by an optical 
method, was suggested. The intensity of damage in the zones is estimated by the acoustic 
method. 
This method allows one to estimate the valued of damage on the early stages of 
destruction, before the formation of a macrocrack take place. 
For estimation of the damage value it is proposed to use a parameter, which is defined as a 
ratio of the attenuation change originating from scattering and absorption of the elastic waves 
on microdamages to relative change of volume share of damages zones: 
 
        ( 8 )  
where  0 rel SS S = , S – total square of zone, in which the plastic deformation is observed, S0– 
total square in which measurements take place.  
Taking into account results of the work [3] it is possible to show, that the p parameter 
mainly depends on the average size of microdiscontinuities.   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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Let us define the damage as  cr p p = ψ . Its value changes in range of  . The value 
 corresponds to forming of a macrocrack. 
1 0 ≤ ψ ≤
1 = ψ
A zone was considered as a damaged one if its microplastic deformation exceeded the 
accuracy of measurements. In the present case the accuracy was 0.28%. 
The damage value dependence on the number of loading cycles for a sample from 
A 210 Gr. C steel, tested in high-cycle fatigue regime, is shown in the Fig.5. 
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Figure 5. The damage value dependence on the number of loading cycles for a sample from 
A 210 Gr. C steel, tested in high-cycle fatigue regime 
The algorithm proposed in this paper makes use of measurements of change of elastic 
waves’ attenuation coefficient  α ∆  and estimation of density   of microzones with plastic 
deformation. Relation between these parameters allows one to determine the value of the 
damage of a material. 
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4. Conclusions 
By means of the acoustic method the influence of plastic deformation of the joint weld 
material (under static loading) on the elastic waves propagation parameters for steel K 11506 
were studied: the change of the frequency-dependent attenuation, the acoustic anisotropy and 
the elastic waves’ velocities was observed. By measuring the shear and the longitudinal 
velocities of the elastic waves, the method for estimation of the damage of the construction 
materials under static loading before formation of a macrocrack was suggested. Also an 
algorithm, which involves combining the grid and the acoustic methods for estimation of the 
damage on the early stages of destruction for materials under cyclic loading, was proposed.  
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